In a prospective study of 14 patients undergoing total hip replacement we have used dual-energy X-ray absorptiometry (DEXA) to investigate remodelling of the bone around two different designs of cementless femoral prosthesis. The bone mineral density (BMD) was measured at 12-weekly intervals for a year. Eight patients (group A) had a stiff, collarless implant and six (group B) a flexible isoelastic implant.
Periprosthetic bone remodelling after total hip replacement (THR) has been the subject of much research and debate. Most occurs within three years and it is progressive. Dualenergy X-ray absorptiometry (DEXA) has been shown to be an accurate and reproducible method of measuring periprosthetic bone remodelling and with this technique changes may be seen as early as six months after operation. [1] [2] [3] [4] [5] Many factors have been implicated in the cause of the condition from stress shielding to lysis due to particulate debris. In particular, the former has been extensively studied because of its bearing on material and design factors which influence the biomechanical properties of implants. Measurements using DEXA can provide the information needed to understand the factors which affect stress shielding and therefore improve the design of different types of implant, but up to now most investigations have been in retrospective studies. We have analysed prospectively the remodelling around two different types of uncemented femoral stem.
PATIENTS AND METHODS
We assessed 14 patients operated on since April 1991; eight had a cementless CLS (Protek-Sulzer, Berne, Switzerland) femoral prosthesis (group A) and six a cementless Isoelastic RM (Synthes, Bettlach, Switzerland) stem (group B). In group A there were five men and three women with a mean age of 47.7 years and a mean weight of 57.3 kg (40.7 to 66.4) and in group B three men and three women with a mean age of 59 years and a mean weight of 60.4 kg (46 to 66.5). The two implants varied widely in terms of their size and stiffness of the stem, the materials used and their surface characteristics (Table I and Fig. 1 ). All patients were operated on by one surgeon (SDD) using a direct lateral approach. DEXA analysis. The patients were scanned immediately after operation and then at intervals of 12 weeks for one year, using a Norland XR 26 Scanner (Norland Corpora- . During scanning a specially designed positioning jig was used to hold the femur. This was found to be more accurate than the manufacturer's positioning device in eliminating errors associated with rotation of the leg. On each scan, the bone mineral density (BMD) was calculated for nine regions of interest (ROI). The placement of the ROIs was standardised. Each measured 5 ‫ן‬ 5 mm which was considered to be the optimum size for sensitive assessment of changes in BMD. Their sites were chosen to correspond to the length of the implant and are shown in Figure 2 . The opposite leg was also scanned in each patient on each visit as a control and identical areas corresponding to the ROIs on the operated side were analysed.
RESULTS

Percentage change in BMD.
The results were plotted as percentage change in BMD over time relative to the immediate postoperative value for each patient. The mean values of percentage change in BMD for all the areas were also plotted for both groups of patients at 8, 14, 26 and 52 weeks in order to observe the trend in gain or loss of BMD for the group as a whole.
In both groups there was very little change in values for the corresponding control areas on the opposite leg. CLS uncemented femoral stem (group A). The BMD tended to decrease in the ROIs on the medial and lateral cortex, being greater on the lateral cortex relative to the same level on the medial side (Fig. 3) .
The maximum loss in BMD occurred at the proximal stem and was about 31% at the lateral cortex (LC1) and 26% on the medial side (MC1), by 26 weeks after operation. There was relatively less loss of BMD at the middle of the stem (MC2 and LC2) and least at the distal stem (MC3 and LC3). At the tip (TM, TL and TMC) of the implant there was no significant change in BMD. The decrease in BMD either stabilised or started to recover after about 30 weeks after operation, but recovery was not as rapid as the initial loss in density and by 12 months the levels had not returned to postoperative values. Isoelastic uncemented femoral stem (group B). Generally, ROIs at the medial and lateral cortex and at the tip of the implant showed some loss in BMD after operation, but then recovered reaching the initial level of BMD by about 40 weeks after operation (Fig. 4) . The percentage loss in BMD at any of the ROIs did not exceed 10% and was apparent by 20 weeks; thereafter, the BMD recovered at most sites, while some even showed an increase relative to their original values. This was as high as 12.6% in the distal stem (LC3). The mean percentage change in BMD in group-A patients (CLS). The mean percentage change in BMD in group-B patients (Isoelastic).
improper transfer of mechanical stress which causes remodelling of periprosthetic bone. Kilgus et al 6 found that the greatest decrease in BMD occurred in the proximal part of the medial femoral cortex, and Engh et al 2 also noted that the greatest loss of BMD was in the proximal femur. Hughes et al 7 compared two different types of cementless stem using DEXA and showed that differences in bone remodelling were significant only along the calcar of the femur, but this was a retrospective study three to four years after implantation of the prostheses. They suggested that differences in the modulus of elasticity between stems had little effect on the loss of BMD after cementless hip arthroplasty except at the calcar.
Other investigators, however, found that flexible stems produced a more uniform and normal strain distribution. 8 Sumner and Galante 9 suggested that the basic pattern of bone remodelling was characterised by proximal cortical atrophy and distal cortical hypertrophy, and that this pattern was altered by the use of stems of low stiffness. Flexible stems appeared to reduce stress shielding and therefore bone resorption, but Huiskes et al 10 warned that increased stresses at the proximal interface and debonding may enhance loosening, making the cure worse than the disease.
Our results support many of the current concepts of stress shielding. Serial DEXA analysis of our patients showed that periprosthetic bone remodelling can be detected as early as 20 weeks after operation. Loss of bone mass was marked with the stiff stems but was minor, recovering early, in the flexible isoelastic implants.
Clinically, the isoelastic stem has had very good shortterm results. In a two-year follow-up of 400 patients, Andrew et al 11 found only two cases of loosening of the stem. Likewise, in a prospective study of 124 primary THRs with this stem there were eight cases of femoral loosening of which only two needed revision 12 over a follow-up period of two to six years. The CLS prosthesis has also had good clinical results with only 6 of 79 implants loose when reviewed at an average of five years after implantation. 13 At one year all our patients were well with no radiological evidence of loosening (Fig. 5 ).
Femoral rotation affects the accuracy of the measurement of the BMD using DEXA. 1, 3 Proper repositioning of the patients at each scan is vital to ensure reproducibility of the results. 1 Goh et al 14 showed that it was possible to reduce the error in the DEXA measurements by 50% by using a custom-made positioning jig rather than the manufacturer's own device. In our study we used this customised jig in all our patients. Most of the current concepts on bone remodelling after THR have evolved from either laboratory trials or retrospective review. More long-term, randomised, prospective studies are needed to evaluate accurately and reconcile the various implants currently in use. This will lead to better understanding of the concepts and requirements of design and enable manufacturers to improve their prostheses.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Radiographs showing hips with a CLS prosthesis (a) and an Isoelastic prosthesis (b) at one year.
